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PREFACE

This report, BOM/TAC-80-373-TR, summarizes the data taken under
i Defense Nuclear Agency (DNA) Contract DNA-001-79-C-0138. This data on
1 the electrical pulse failure levels of silicon-on-sapphire diodes
supports development of electrical overstress hardness assurance tech-

4 niques. This report is submitted to DNA by BDM Corporation, P. 0.
E. |
| Box 9274, Albuquerque, New Mexico 87119.
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; CHAPTER I
INTRODUCTION

A.  OVERVIEW OF THE EXPERIMENTAL EFFORT

A e X

This volume documents the experimental data taken under the Defense
Nuclear Agency (DNA) Electrical Overstress Hardness Assurance contract,
ONA 001-79-C-0138. The final report for this contract, contained in a
separate volume, explains the goals and results of the entire program.

The following sections provide a brief overview of the program and the
goals of the experimental work.

PEN IO SIS Y

The DNA electrical overstress phenomenology program sough® to iden-

PRI, R

tify the sources of maverick behavior in semiconductor electrical over-
t stress failure and to determine the sensitivity of failure level to
: critical device variables, e.g., junction area, doping levels, epitaxial
thickness, and junction radius of curvature. Once the dependencies are
identified and characterized, hardness assurance tests and procedures can
be developed. The approach utilized in this program to identify the
physical and electrical parameters that affect overstress failure was
both analytical and experimental.

The experimental portion of the program involves failure testing of
specially designed silicon-on-sapphire (S0S) diodes which have been built
with variations in important parameters. Data on these devices provide

b —

information on maverick behavior due to various forms of diffusion and
metallization spikes. In additior, the controlled variations in critical
device parameters on the diode test structures provide data on the sensi-
tivity of these parameters to overstress Tailure level. The S0S diode
was chosen for the test structure because it can be utilized to visually
i observe the formation of hot spots using techniques developed by Sunshine
g and Lampert and refined by Budenstein. The structure also p-ovides a

convenient means of precisely controlling parameter variations since a
ot vertical cross section of an actual device can be represented by a thin
horizontal "slice" layered down on a transparent substrate. With this

FRECEDINO PAGE BLANK-NOT FLLMED
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structure such defects as metallization and diffusion spikes can be built
into the mask set. Although the SOS diode structures provide a convenient
tool for visual observation of damage and controlled variation of param-
eters, the results of overstress failure tests in the SOS structures may
be different from real devices. In the S0S structure, all p-n junctions
are abrupt, the epitaxial layer next to the substrate contains many
crystaliine defects which affect lifetime, and the sapphire substrate
provides a large heat sink for the silicon. These differences may result
in different qualitative as well as quantitative dependencies of over-
stress failure level on the critical parameters.

Therefore, an analytical model is needed to provide a physical
interpretation of the results and bridge the gap between the SOS diode
results and failure data on real devices. The program integrates the
analytical and experimental efforts so that the critical overstress
failure level dependencies can be established on real devices.

One of the tasks in this program was the experimental investigation
of mavericks using the spiked S0$ diodes. Although there are few, if
any, well-documented cases of maverick behavior in electrical overstress
failure testing, the possibility of mavericks poses a real threat, espe-
cially for systems with requirements for very low failure rates. The
most likely defect in an actual device that would give rise to an abnor-
mally low overstress juncton burpout level is a spike in either the
metallization or a diffusion. A Tlarge array of SOS diodes with varia-
tions in spike amplitude, position, and frequency are included in the SOS
test chip. These structures demonstrated that spikes result in a signif-
icant reduction in overstress failure level as compared to a similar
structure without the spike.

Another task involves the experimental investigation of the sensi-
tivity of overstress failure level to critical device parameters. The
parameters investigated include junction area, background doping density,
expitaxial thickness, and junction radius of curvature. Within the S0S
test structure each of these parameters is varied over a wide range while
maintaining all other parameters constant. The experimental data were

P
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taken by Dr. Paul Budenstein at Auburn University. The data were analyzed
at BDM and plotted to demonstrate the dependence of pulse electrical
overstress failure level on each of the critical parameters.

B. OVERVIEW OF THIS VOLUME

Special test structures have been fabricated by Rockwell for use in
this study. These structures consist of lateral diodes fabricated on
sapphire substrates. These diodes are described in detail in chapter II
of this volume. The design of these diodes provides variation in the
critical device parameters such as doping concentration, length, and
width. These structures also provide simulated metallization spikes and
diffusion spikes. Chapter II also contains an explanation of the tech-
nique for estimating the doping concentration based on breakdown voltage.

Doping concentration can also be estimated from resistance measure-
ments. Each die on the wafer contains a doping level test structure that
allows a resistance measurement to ve made of the bulk silicon. Chapter
III explains the technique for estimating doping concentration from the
resistance measurement and summarizes the resistance measurement and es-
timated doping concentration for each die tested during this effort.

The detailed test plan in chapter IV provides clarification on the
goals and requirements of the testing performed at Auburn University.
Due to the time constraints of this project and the limitations of the
constant current pulser, not all available devices could be tested. The
test plan discusses the importance of the devices selected for testing
and the test setup. The first step in the failure sequence was a measure-
ment of breakdown voltage using a curved tracer to sweep the current
voltage characteristics in reverse bias. Then the device under test was
pulsed with the constant current pulser at a 10 microsecond pulse width.
After each pulse test with the constant current puiser, the breakdown
voltage measurement was repeated to determine if failure had occurred.

Failure was defined as a significant change in the breakdown voltage.
The process of increasing the amplitude and pulsing with the constant
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current pulser and then checking the breakdown voltage for failure was
repeated until failure occurred. From this sequence of pulse tests, two
tests were selected for digitization: the test which resulted in failure
and the test producing the highest power without causing failure. The
results of these two tests provide an upper and lower estimate of the
failure power.

For each test with the constant current pulser, the voltage and cur-
rent waveforms were recorded with oscilloscope photographs. Since the
waveforms are, in general, irregular, the voltage and current waveforms
must be digitized so that average power may be computed. Chapter V pro-
vides an explanation and listing of the digitization program.

Too many voltage current waveform pairs were digitized under this
effort to be conveniently included in this data volume. The voltage
current waveform pairs fell into 12 groups with all the waveform pairs in
the group having a similar shape. Examples of the 12 waveform pajrs are
illustrated in chapter VI. A cross-reference between the 12 waveform
groups and the device tested is also provided in chapter VI.

Summary data from the digitized waveforms and descriptive informa-
tion about the device tested were entered into a computerized data base.
The contents of the data base are explained in chapter VII, along with a
listing of the entire data base. The data Dase program provided a con-
venient means for selecting certain data out of the data base and
plotting that data to show the effect of the critical device parameters
on the damage constant for the device. These summary plots of the data
are also contained in chapter VII.
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CHAPTER I1
DESCRIPTION OF DEVICES

A.  DEVICE DESIGN AND FABRICATION

Test devices designed and fabricated under this program include S0S
p-n diodes for characterization and analysis by Auburn University. These
devices were fabricated with a sufficiently large range of physical and
processing parameters to permit the determination of electrical-
overstress-induced junction second breakdown failure thresholds as
related to (1) inherent silicon properties, (2) fabrication properties,
and (3) quality control properties.

Device characteristics such as

Background doping concentration
Effects related to junction radius of curvature
Metallization defects
Lateral diffusion spikes
Diode body width
N to P* separation distance
have been considered for this purpose.

Devices fabricated for this program have utilized a proven, cost-
effective, multicell mask design. The mask design contains multiple
cells so that a number of special test devices are included in a single
mask design. Each wafer contains all the test devices and demonstration
vehicles requied to meet the second breakdown dicde-characterization
objective of this program. This approach is routinely employed in R&D
programs requiring a variety of special test structures and demonstration
vehicles. Hardened Complementary Metal-Oxide-Silicon/Silicon-on-Sapphire
(CMOS/S0S) technology was employed to fabricate SOS transistors and SOS
diodes with various design and processing parameters.

N
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B.  MASK DESIGN AND GENERATION

| For the SOS Electrical Overstress Investigation Program, the follow-
ing steps were used in the development of the 13 required masks:
Step 1: Circuit design and analysis
Step 2: Circuit layout
- Step 3: Digitization/MOS-DRAW

Step 4: Tape generation
Step 5: Pen-plot
Step 6: Color guides and mask generation.

Interrelationships of these steps are shown in the CMOS/S0S Mask Fabrica-
tion block diagram of figure 1.

R P

4
-l

P

C. DEVICE DESIGN REQUIREMENTS

]

Device design requirements imposed on the final design were:
(1) Starting material doping, ND' will be limited to five concen-

| trations, 10'%, 10", 10'® 10" 5 x 10!/

atom/cm3.

Substrate doping concentrations were obtained by ion imple-
mentation. The amount of implant dose used for each doping
level was determined from the relationship

D = NKt
1! where
|
' l D = dose, em”?
- N = impurity concentration, atom/cm3
‘ K=0.33 - 0.35
" t = silicon thickness, cm

12
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! The 10
atom/cm3 is the intrinsic value of the silicon epitaxial layer.

(2) A structure to measure the doping level of the substrate is

3 provided. This structure is described in figure 2.

' (3) A "no defect" standard reference structure will be included for
baseline comparison purposes. This structure is described in i
figure 3.

(4) Edge-type diodes are to be the preferred structure, but some
enclosed structures will be included.

atom/cm™ wafer did not receive any ion implant as 10

s

Geometric edge effects on hot spot nucleation will be studied
by including a set of Enclosed Reference Structure devices

4. e
e

14 (figure 4) of the same dimensions as the standard reference
3 structures.

% (5) Diodes of 20-mil junction width will be included for experi-
:i mental continuity with previous work done at Auburn University.
y‘ (6) Separation of p++ and n't regions, XE’ will have five values,
7 10, 30, 100, 300G, and 500 microns.

ri The range of lengths of the n region was selected to represent

the smaller geometry devices (10 microns at one end) to a
tength sufficient to prevent punch through at the test pulse
biases (500 microns at the long end).
(7) Diode metal-to-metal spacing will be at least 3 mils, where
‘ practical. (Note: This dimension will be about 2.4 mils on
‘i devices with XE =10 m.)
L‘ (8) Production fabrication problems resulting in metal contact
| spikes extending into the diffused regions or diffusion spikes
i extending from one diffused region into another may affect the
f initiation of second breakdown. Considerable attention was
1 given to the spike design and its unique implementation into
mask design and mask fabrication. This concern is indicated by
the quantity of items listed regarding spike design.

14
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o N.TYPE IMPLANT
LEVEL

1x10'4
1x10'5
1x10'6
1x 107
1x 1017

* LENGTH BETWEEN
CONTACTS

100 u {4 MILS)

* WIDTH
200 2 {8 MILS)
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FOR CONTACT & OIFFUSION SPIKES

28 MILS

N-TVPg
0

N\
N

£

® 25 DEVICES
eN. TYPE CONTROLLED

DOPING REGION (X¢)
LENGTH

10u

30u
100
300 u
500 u

*8ASIC REFERENCE
STRUCTURE WIDTH

20 MILS
8 MILS

4 MILS

2 MILS
1.2 MILS

29 WiL8
L]

1 '
! W hn‘gﬂ

{(80u 1200 ) 1001

Figure 3.

B MILS

Standard Reference Structures
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Cu 2 MILS
100 1.2 MILS
300 u H
500 u

Figure 4. Enclosed Reference Structure
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Spikes, both metal and diffusion type will be described as
follows:

(a)

(b)

(c)

(d)

(a)

(b)

(c)

(d)

(e)

()

Single spikes will be included on both p++, n and n++, n
junctions.

Metal spikes will not overlap the p++, n or n++, n junc-
tions.

Metal spikes will extend from the contact into the p+ or
nt regions.

Spike shape is to be 60 degrees equilateral triangle, as
shown in figure 5.

A full diode complement will consist of a set of diodes of
widths 1.2, 2, 4, and 8 mils. The 8-mil width will be the
standard width diode on the chip.

There will be one full diode complement of spikes using a
5-micron height.

There will be one full diode complement of spikes using a
2 1/2 micron height.

Multiple spikes will be designed to have 1, 2, 4 and
8-micron heights, with the 1I-micron spikes located
sawtooth-wise across the entire junction and the 2, 4, or
8-micron spikes located as shown in figure 5. All multi-
ple-spike diodes will be 8 mils wide, with XE = 10, 30,
and 100 microns. Details of multiple spike construction
are depicted in figure 5.

A minimum of 1-mil separation will be allowed between
spikes and sharp contours, edges, metal, etc.

Single spikes will be located one-fourth of the distance
from the diode edge.

The spikes will be fabricated with a point of approxi-
mately 1 micron diameter (minimum dimension, because of
lateral diffusion 1limits). 80 single-spike devices as
described in figure 5 will be included on the Standard

Reference Structure type of diodes in figure 3 to study
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{A) SPIKE SHAPE, W = 2Y3 H
i

® 80 DEVICES
® N. TYPE CONTROLLED DOPING
REGION (Xg) LENGTH

1 10u
10
0u

's 100 u

300 u

500 u

@ BASIC STRUCTURE WIDTH

P W

8 MILS
4 MILS
2MILS
1.2 MILS

® SPIKE LENGTHS

Su
® SPIKE DIRECTION

A

N CONTACT
P CONTACT

N.TYPE
N-TYPE

Figure 5.
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(8) MULTIPLE SPIKE LOCATIONS ON JUNCTION.
(DIMENSIONS IN MILS)
)
LT
& A
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}
(C) MULTIPLE SPIKE CONSTRUCTION DETAIL.
H =2 40R8 MICRONS
LOCATION

% DISTANCE FROM LEFT HAND ISLAND EDGE

N* DIFFUSION
P™ DIFFUSION

N-TYPE
N-TYPE

Spike Detail
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(12)

their effects in this regard. An attempt to determine the
effects of spike size will be implemented by including a
set of one-half size spikes on 20 devices as described in
figure 6. Ffinally, a set of diodes containing multiple
spikes 1in combination as shown in figure 5 is arranged
according to the description of figure 7, "Multiple Spike
Structures." The 1-micron sawtocoth edge is included to
represent a non-smooth p-n junction or metal edge. Larger
spikes are placed in areas where hot spot nucleations
probably would not normally occur.
Structures to simulate bipolar transistor emitter current
behavior as a function of radius of curvature are included.
Features of this cross-sectional simulation are listed and
shown in the topological Tayout of figure 8.
A four-pad structure is included to study cross current crowd-
ing effects; that is, the effects of a cross current in the N
region of the diode while the current pulse is being applied
between the N'° and P** regions. This structure is described
in figure 9.
Simulated interdigitated structures as shown in figure 10 are
included. This structure simulates a cross section of an
interdigitated device as illustrated in figure 11. This device
is provided to enable study of laterial junction effect on
hot-spot nucleations.
Metallization bonding pads will be 4 mils x 4 mils square.
ATthough smaller pads could be used, this size allows reason-
able ease of micro probing both for electrical characterization
‘at Rockwell International and for Auburn University's strobo-
scopic pulse tests.
Design items which were considered but omitted by mutual con-
sent were:
(a) "V" notch indents - no significant effect expected.
(b) 10-micron width diodes - impractically small.
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Figure 11. Origin of Simulated Interdigitated Structure

24 "




—————;

e g
[ T SO

A

e h . y—

B )
AR

L
at_

ok

(c) Circular and star structures - not enough chip area avail-

able.
(d) Four- to ten-pad MSU structure - Mississippi State
University withdrew their request for this device.

D.  WAFER FABRICATION

Following chip device designs and mask design and fabrication, the
wafers were ready for actual fabrication processing.

Special consideration was given to the preparation of S0S starting-
material wafers in view of the optical requirements of the stroboscopic
second breakdown tests to be performed at Auburn University.

(1) The backside of the sapphire substrate was polished optically

smooth.

{(2) To facilitate determination of top versus bottom of the wafers,
a special second flat ground on each wafer as shown in figure
12.

(3) An intrinsic epi layer of silicon (.55 to 0.65 microns thick)
was doped at Rockwell Internationa! by ion implantation to
obtain the five starting material doping levels. All wafers
were sliced from a single boule.

Consideration was given to using 2-micron thick epi silicon layers

to minimize current crowding effects. However, two factors made use of a
thicker epi layer unattractive:

(1) Thicker epi layers result in less transparency. This fact
impacts the Auburn University tests.

(2) Increasing the epi thickness would introduce a new variable
(additional yield risk) into the SOS device-fabrication
process.

1. Diffusion Doping Versus Ion Implantation

In the interest of keeping the series resistance of the n"" and
p++ regions as low as possible, the diffusion doping method (~ 25 Q/0 and
~ 100 Q/0, respectively) is ppreferred over the ion implantation method g
(~200 Q/a and ~400 Q/C, respectively). Diffusion doping was used for

forming both p++ and n'" areas.
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2. Processing Steps

An outline of the SOS Electrical Overstress Processing Steps
used to fabricate this chip is listed squentially in figure 13, Si-Gate
? CMOS/SOS Process. It should be noted that following step L, a doped
silox passivation layer is deposited and the pad areas are etched for
electrical contacts.

Also, this set of processing steps is necessary to fabricate
both n channel and p channel transistors on the process evaluation test
," pattern. Only steps A through E actually apply to the fabrication of the
diodes to be used in second breakdown tests.
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CHAPTER III
ESTIMATION OF DOPING LEVELS

The doping level in the lightly doped N region of each silicon-
on-sapphire diode was intentionally varied from one wafer to another.
The deping levels actually achieved in this region may be estimated from
either resistance measurements or breakdown voltage measurements. The
procedures used for these estimates are described in the following sec-
tions. These procedures for estimating doping levels are based on mea-
surements for single crystal silicon. However, silicon-on-sapphire has a
layer of surface states at the silicon-sapphire interface and grain
boundaries due to its somewhat polysilicon nature. The grain boundaries
and surface states increase the resistance measured for a particular
structure and make the estimate of doping level from a resistance mea-
surement appear artificially 1low. However, these defects can act as
nucleation sites and reduce the breakdown voltage at a given doping
lTevel. Thus, these defects make the estimate of doping Tevel from break-
down voltage measurements appear artificially high. This difference in
the estimated doping level was most pronounced for the lighest doped
wafer, wafer 1. For the more heavily doped wafers, wafers 4 and 5, the
difference in estimated doping level from the two techniques was reason-
ably small.

A.  ESTIMATION OF DOPING LEVEL FROM BREAKDOWN VOLTAGE MEASUREMENTS

The doping concentration for a given breakdown voltage may be read
directly from a graph, such as is shown in figure 14. There are some
limitations which must be considered. One of these is that the graph in
figure 14 is based on single crystalline silicon so that for silicon-on-
sapphire devices the value read from the graph for doping concentration
will be too large. This 1is particularly true for very low doping con-
centrations as discussed previously.
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Another Tlimitation arises when the depletion layer spreads all the

w3y across the lightly doped N region into the more heavily doped N+
region of the silicon-on-sapphire diode. Since the depletion layer is
the widest for the lightest doping level, this effect is most likely to
occur in wafer 1 for the diodes with a 10 um length of the lightly doped
region. As shown in figure 15, the breakdown voltage becomes relatively
independent of doping concentration once the depletion layer spreads
completely across the lightly doped N region. Also, once the depletion
region spreads complietely across the Tlightly doped N region, the break-
down voltage is proportional to the length of the lightly doped region.

On wafer 1, the lightest doped wafer, the breakdown voltages range
from approximately 105 wvolts to 150 volts for the 10 micron 1length.
However, on wafer 1, the breakdown voltages range frcm approximately 180
volts to 260 volts for the 30 micron length devices. Becth of these
breakdown voltage ranges are taken from the standard reference structure.
Since the breakdown voltage range of the 30 micron length is roughly
twice the breakdown voltage range of the 10 micron length, it would
appear that the depletion region spreads completely across the 10 micron
length device but only part way across the 30 micron length device. If
the depletion region did not spread completely across the 10 micron
length device, then both the 10 micron length device and the 30 micron
length device should have the same range of breakdown voltages. If the
depletion region were spreading completely across the 30 micron Tlength
device, then the 30 micron length device should have a breakdown voltage
of approximately three times the range of breakdown voltages for the 10
micron length device.

For wafer 1, the breakdown voltage range from the 30 micron length
devices would predict a doping concentration range between 1 and 2 x 10]5
cm-3. On wafer 4, the breakdown voltage range is between 26 volts and 32

volts which predicts a doping concentration range of 2.5 to 3.5 «x 10]6

cm-3. From figure 15, it is clear that a doping concentration on the
16

poses no danger of having a depletion region which spreads
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completely across a 10 micron device. On wafer 4, the range of breakdown
voltages was between 1i and 13 volts which predicts a range between 0.95
and 1.05 «x 10]7 cm-3. Once again, the length of the 1ightly doped region
is not important to breakdown voltage for wafer 5. The breakdown voltage
for each individual dicde tested is given in the data base which is

included in its entirety in chapter VII of this report.

B.  ESTIMATION OF DOPING LEVEL FROM RESISTANCE MEASUREMENTS

Doping level may be estimated by measuring the resistance of the
doping level test structure described in chapter II. The resistivity is
calculated from the geometry of the structure:

o= Rts1w
L
where
R = resistance in ohms
tsi = gilicon thickness, cm
w = structure width, cm
L = structure length, cm.

The corresponding impurity concentration is found from a graph
of resistivity versus impurity concentration such as the one in figure
16. The initial epitaxial silicon thickness was 0.6 micron, but pro-
cessing of the wafers resulted in some of the silicon being consumed.
Thus, by the end of the processing, perhaps 0.4 micron of silicon
remains. Using 0.4 microns, 200 microns and 100 microns for the thick-
ness, width and length of the doping level test structure, the estimated
doping levels are given for each die tested in table 1.

Another factor which could affect the measurement is the presence of
surface charge. An attempt to reduce the effects of surface charge was
made by performing an hydroflouric acid etch of a test chip from each
doping level to remove the oxide. The measurements were repeated imme-
diately with no noticeable differences. Thus surface charge effects were
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excluded as a consideration from the resistivity measurements. As men-
tioned previously, interface states at the silicon-sapphire boundary and
grain boundaries will make the measured resistance appear too large and
the estimated doping appear too small.

TABLE 1. IMPURITY CONCENTRATION

| Wafer Die Page Rp 75 (k) AT Current (uA) Np(cm-3)
|
| »
! 2-1 17 249 440 25 1.1 x 10
| 20 77 190 20 3.0 x 1012
| 21 103 250 20 2.5 x 10"
i 34 ] 210 47 3.0 x 10
1 34 170 300 35 1.5 x 10
| 35 282 270 35 1.8 x 10
E 36 13 220 45 3.0 x 10
37 24 280 20 1.8 x 10
‘ 37 247 280 40 2.5 x 1012
! 38 132 150 20 3.5 x 10
39 241 120 50 4.0 x 10
40 212 120 50 4.0 x 10
4 179 140 50 3.5 x 10
| 42 .
43 291 330 30 1.5 x 10
‘ 43 467 200 50 3.0 x 100
' 46 467 400 50 11 x 10
! 46 25 170 20 3.4 x 1012
53 25 180 20 3.3 x 10
J 54 50 250 20 2.5 x 10
) 56 171 400 25 11 x 10
g 57 466 200 50 3.0 x 10
. 2.4 24 827 6.8 50 8.0 x 10
' 34 839 7.0 50 8.0 x 1012
35 813 6.6 50 8.2 x 10
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TABLE 1. IMPURITY CONCENTRATION (Concluded)

wafer  Die  Page  ropLTS(KY AT current (uA) Np(em-2)
36 794 6.4 50 8.4 x 10
38 884 6.3 50 8.5 x 10
] 0 879 6.7 50 8.0 x 1oiz
{ 42 868 6.8 50 8.0 x 10
43 _
| 55 858 7.1 50 7.9 x 1012
} 63 466 7.5 50 7.5 x 10ls
1 54 465 7.7 50 7.5 x 10
. 65 465 7.7 50 7.5 %10
| 73 464 7.5 50 7.5 %10
74 464 7.5 50 7.5 x 10
75 463 7.0 50 8.0 x 10
1 76 463 6.7 50 8.0 x 10
2-5 36 777 0.98 250 8.7 x 10
53 268 1.0 250 8.5 x 10
61 774 1.0 250 8.5 x 10
‘ 62 775 1.1 250 8.0 x 10
q 63 775 1.0 250 8.5 x 10
‘ 64 776 1.1 250 8.0 x 1oi:
‘ 65 776 1.1 250 8.0 x 10
' 66 772 1 250 8.0 x 10
] 72 772 1.1 250 8.0 x 10
i 73 773 1.3 250 6.5 x 10
’ 74 773 1.1 250 8.0 x 10
75 774 1. 250 8.0 x 10
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CHAPTER 1V
TEST PLAN FOR PULSED FAILURE TESTING OF SOS DIODES

A.  MAVERICK DEVICES

1. Goals

It is desirable to develop a screen which will eliminate maver-
ick devices, that is, devices which are extremely sensitive to electrical
pulse power burnout. However, to date no technique has been developed
which successfully eliminates maverick devices without producing serious
concerns about the reliability of the remaining devices. As a prelim-
inary to the development of a screening technique, the existence of
maverick devices must be demonstrated. Preferably, the causes of
maverick behavior would be indicated during demonstration maverick
behavior. Further, the frequency of occurrence of maverick devices
within a test group should be known and preferably controlled so that the
test group may be used in the development and verification of candidate
screening techniques.

2. Approach

The steps to achieving these goals have been: (1) the identi-
fication of possible causes of maverick behavior, (2) the construction of
silicon-on-sapphire (S0S) diodes which include intentionally constructed
defects representing the causes of maverick behavior, and (3) testing of
these S0S diodes to verify that the defects do indeed produce the antici-
pated maverick behavior. The probable causes of maverick behavior which
have been identified are metallization spikes at the metal-silicon inter-
face and diffusion spikes at the metallurgical junction. The S0S diodes
constructed include reference structures as well as those with inten-
tional defects and are described in detail in chapter II. Although
screening techniques are not to be developed for SOS diodes under this
contract, the S0S diodes provide a very convenient vehicle for the study
of the causes of maverick behavior in that the heating within the diode

may be observed and photographed. Thus, hot spot formation can be
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related directly to the defect structures. The test results of the S0S
diodes provide the experimental basis for the next phase of the screen

development which would be to build three-dimensional silicon devices
which contain intentional defects to produce maverick behavior and normal
three-dimensional devices as a reference.

3. Data Required

a. Voltage, Current, Power, and Failure Time

Voltage, current, and power as a function of time are

PO vy

required for a single waveform for several reasons. Since the source

impedance in a system subjected to electrical overstress pulses varies
over a significant range, neither the voltage or current alone is suffi-

o .
(PR S AR

cient for system analysis or design. Thus, pu'se power is an important

T

parameter. Both voltage and current are needed, not only for systems
analysis, but for understanding and insight into the failure mechanisms.
Since relatively isolated electrical overstress pulses are of interest to
the system design, the overlapping of effects to repetitive pulsing
should be minimized. Also since the devices are tested to failure and
failure is caused by a single pulse, the voltage current on a single
waveform must be simultaneously recorded. Since the pulse power neces-
sary to cause failure is a function of the pulse width, the failure time
should be determined if the device fails before the end of the pulse.

b. Difference in Failure Levels Between Reference Structures
and Maverick Devices

Due to the Timited testing time available, the difference
in failure levels between the reference structures and maverick devices
should be tested for the worst case, that is, the case expected to pro-
duce the greatest difference. Since the intentional defects in the
maverick devices are expected to produce large variations in the failure
thresholds, large test samples and statistical techniques are not
necessary.

c. S0S Diode Width Significance

To the first order, theory would indicate that the width

of the SOS diodes (measured parallel to the metallurgical junction) has

no impact on the difference in failure thre-zholds between the maverick
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devices and the reference structures. However, in narrower diodes, the
defect width is a larger fraction of the total device width and might be
expected to result in a larger impact of the defect structure on the
failure threshold. An overriding consideration is the practical limita-
tions of the test circuit which places an upper bound on the allowable
impedance of the test device. Since the impedance of the test device is
inversely proportional to the width of the diode, the upper bound on
device impedance corresponds to a lower bound on device width which will,
in some cases, restrict the choice of structures which may be tested.
d. Worst Case for Metallization Spikes
The largest difference between the failure threshold of a

diode with a metallization spike and the reference diode of the same
geometry would be expected for the following conditions: (1) the
shortest N region (measured perpendicular to the metallurgical junction),
(2) metallization spike from the metal contact into the N region, and
(3) lowest doping of the N region. Due to time constraints, only the
structures containing a single spike will be considered. Since the
metallization spike is the same size for all the single spike structures,
the shortest N region results in the largest relative size of the metal-
lization spike. The N region is of importance because it is the lightest
doped region which, therefore, becomes the hottest under electrical
overstress conditons and contains the filimentary hot spots character-
istic of the onset of damage. The Jowest doping level provides the
greatest contrast in doping level between metallization and the N region.
The metallization contact to N region was chosen as worst case somewhat
arbitrarily as there is no clearcut theoretical difference between the
two possible metallization spikes. Due to time constraints and limita-
tions in the metallization spike structure described below, only one
metallization spike configuration was chosen for testing.

The concept of the metallization spike as a mechanism for
reducing the failure thresholds is that the metallization spike will tend
to concentrate the electric field. However, the difference between the
conductivity of the silicon adjacent to the metallization and the conduc-
tivity of the metallization is an important factor in the degree to which
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the electric field will be concentrated by the metallization spike. The
metallization spike structure illustrated in figure 17 illustrates two
limitations of the structure. First, the metallization spike extends
into the very highly doped (1020 cm—3) contact regions under the metal-
lization. Therefore, the difference between the conductivity of the
silicon contact region shown as N* and the conductivity of the metalliza-
tion is relatively small and will result in a minimum field concentration
at the metallization spike. In addition, the metallization on top of the
silicon dioxide insulating layer significantly overhangs the metalliza-
tion spike which is in the silicon. This metallization overhang intro-
duces a vertical electric field perpendicular to the usual electric field
which would be concentrated by the metallization spike. Normally, this
perpendicular electric field would not be present in the region of metal-
Tization spike. The presence of this perpendicular field raises ques-
tions about the significance of the metallization spike. Because of
these two Timitations, the metallization spike structure may not be a
good representation of a typical metallization spike in a normal bulk
silicon production device. Therefore, the results of tests on this
structure are of questionable significance.

e. Four Terminal Devices as Metallization Spikes

Due to the limitations of the metallization spike struc-
tures, tests of the four terminal devices are being considered as pos-
sibly more representative of metallization spikes in production devices.
The four terminal devices are S50S diodes with metallization contacts
implanted on each side of the lightly doped N region so that when a
voltage is applied between these additional metallization structures, the
resulting electrical field is parallel to the metallurgical junction and
perpendicular to the electric field induced under ordinary conditions.

The four-terminal structure should be tested in two dif-
ferent modes. The first test is to pulse test the device using only the
additional metallization structures, thus driving current side-to-side
through the N region with the ordinary diode metailization contacts open
circuited. This test would most closely correspond to a forward bias
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test of the reference structure where the metallurgical junction contrib-
utes a negligible voltage drop compared to the total failure voltage.
The second test consists of tying the two additional metallization con-
tacts to the metallization contact associated with the N’ region. Thus,
the current is flowing reverse bias through the diode as with tests of
the other structures, but an additional current path has been provided by
the lateral metallization structures. These lateral metallization struc-
tures have relatively sharp corners and represent a sharp contrast in
conductivity between the silicon and the metallization. Therefore, the
corners of the metallization structures can be expected to cause signifi-
cant concentration of the electric field Teading to the formation of hot
spots and failure at lower levels than for the reference structures.
f. Diffusion Spikes
The diffusion spikes structures to be tested include

different spike configurations, different wafers, different lengths of
the 1lightly doped N region, and different diode widths. The diffusion
spike structures included are a spike from the N* to the N region and a
spike from the P* to the N region. Diffusion spikes will be tested on
wafers 1, 4, and 5 from lot 2. The lengths of the N region to be tested
are 10, 30, and 100 microns. The diode widths to be tested are 8 mils
and 1.2 mils except where the upper bound on impedance at the test device
dictates that a wider device be tested. The priorities associated with
all the tests are discussed in section D of this chapter. These test
conditions are designed to fully characterize the effect of diffusion
spikes on failure threshold levels. As with the metallization spikes,
the shortest diode lengths and lowest doping level (wafer 1) represent
the conditions expected to produce the largest difference in threshoid
between the diffusion spike structure and the reference diode. It is of
primary importance to determine that diffusion spikes do or do not have a
significant impact on failure thresholds under the conditions expected to
be most sensitive. If the impact on failure thresholds is significant as
anticipated, the next objective is to study the effects of varying diode
lengths and doping levels on the failure thresholds to gain valuable
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insight into the effects of diffusion spikes on the device operation
during overstress operation.
g. Reference Structures

Reference structures corresponding to the metallization
spike devices, four terminal devices, and diffusion spike devices dis-
cussed in sections d, e, and f above must be tested to provide a basis
for comparison. Ideally, the reference structure would be from the same
die as the corresponding spike device or four terminal device of the same
length and width. This would minimize unwanted variations between the
reference structure and the spike structure due to variations from one
die to another. However, it is recoanized that many of the devices have
been previously tested and it may not be possible to test the reference
structure and corresponding structure from the same die.

h. Pretest and Posttest
A pretest curve tracer photograph of each device tested

and a curve tracer photograph of the doping level test structure from
each die on which any devices are tested are needed to allow correct
measurement of the avalanche voltage of the device under test and calcu-
lation of the actual doping level for that die by two independent
methods. Posttest curve tracer photographs will be useful in documenting
the nature of the failure.

B.  NOMINAL HARDNESS SCREEN

1. Goals

A screen to determine the nominal or average hardness of a
particular lot needs to be developed to monitor variations from one lot
to another, manufacturer to manufacturer, and for a replacement device
type. This nominal hardness screen can be used to reject lots which are
particularly sensitive to electrical pulse burnout due to changes in the
manufacturing process. Such a screen can be achieved with lot sample
destructive testing. However, a screen is desired which is less expen-
sive and quicker while retaining the accuracy and simplicity of implemen-
tation of lot sample destructive testing. A screen based on parameters
which can be measured on automatic test sets is expected to meet these
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requirements in a cost-effective manner. The first step in developing

such a screen is to develop the relationship between the failure thresh-
old levels and physical device parameters. The physical parameters must
then be related to parameters which may be measured on automatic test
sets.

2. Approach
a. Primary Physical Parameters

The primary physical parameters identified to date are
junction area, doping level, and geometry. Junction area has been iden-
tified as the most important parameter in determining pulse power burnout
since the earliest work in this area by Wunsch and Bell. Thus, the
effect of junction area on failure levels is relatively well understood.
Recent work has indicated that inclusion of doping levels can improve the
capability to predict failure level within a class of similar devices
such as zener diodes. However, inclusion of doping in models to predict
failure levels gives worse results when all the device types are con-
sidered. This indicates that either the method of including doping level
effects on failure Tevels needs to be refined or that another parameter
such as geometry needs to be considered. Since normal production devices
of the same type may be made using several different geometries by
several different manufacturers, geometry can be expected to play some
role in determining the failure threshold levels. Specifically, differ-
ent geometries will produce a different minimum radius of curvature of
the metallurgical junction. That is, some geometries will tend to pro-
duce relatively sharp corners or edges in the metallurgical junction
while in other geometries the corners and edges will be relatively soft.

b. Analytical Investigation of Doping Effects

Detailed theoretical modeling of the SOS devices will be
done by The BOM Corporation, Auburn University, and Mission Research Cor-
poration to predict the effect of doping level on failure thresholds.
The tests conducted by Auburn University described in this section of the
test plan will provide data for comparison with the results of the

analytical modeling.
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c. Tests of Bulk Silicon Devices

Data from two sources will be used to empirically inves-
tigate the effects of doping levels and geometry on failure thresholds.
The first source of data is a composite of data from previous test pro-
grams on bulk silicon production devices. However, the use of these data
is limited by the fact that the doping levels and geometries are not
always well known. The second source of data is a test program by BDM
which is currently testing specially fabricated bulk silicon devices for
which geometries and doping levels are well known. These data will not
be complete for several months. These data will provide information on
the effects of both doping Tlevel and geometry in bulk silicon devices
representative of production items. The metallurgical junction in bulk
silicon devices 1is a three-dimensional probiem having potentially
different radius of curvature in two different planes.

d. SOS Diode Tests

The SOS diodes allow the study of the effect of doping

alone on failure threshold levels through the use of the reference struc-

tures. These devices also allow the study of the combination of doping
levels and geometry through the use of the radius of curvature struc-
tures. The SO0S diodes have the advantage of an essentially two-dimen-
sional junction geometry with a radius of curvature on only one plane.
The SOS diodes have the further advantage of a structure which allows the
observation of hot spot formation showing the relationship between hot
spots and the junction curvature.

3. Data Required
a. Voltage, Current, Power, and Failure Time

Voltage, current, and power as a function of time are
required for a single waveform for several reasons. Since the source
impedance in a system subjected to electrical overstress pulses varies
over a significant range, neither the voltage or current alone are suffi-
cient for system analysis or design, and pulse power is an important
parameter. Both voltage and current are needed, not only for systems
anzlysis, but for understanding and insight into the failure mechanisms.
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| Since relatively isolated electrical overstress pulses are of interest to
the systems design, the overlapping of effects due to repetitive pulsing
1 should be minimized. Also since the devices are tested to failure and
' failure is caused by a single pulse, the voltage and current on a single
waveform must be simultaneously recorded. Since the pulse power neces-
sary to cause failure is a function of the pulse width, the failure time
should be determined if the device fails before the end of the pulse.
b. Standard Reference Structures

The data required for reference structures in the devel-
opment of a nominal hardness screen is the same as the data for reference
structures corresponding to the diffusion spike structures discussed in
chapter II. Specifically, wafers 1, 4, and 5 of lot 2 with N region
lengths of 10, 30, and 100 microns and diode widths of 1.2 and 8 mils
should be tested. These data will serve a double purpose for both com-

o gl ——— o T =

parison to the results of tests on the diffusion spike structures and for
the development of a nominal hardness screen. The maximum N region
length and minimum electrical pulse width are limited by the maximum
voltage capabilities of the constant current pulser. The minimum diode 1
width is limited by the upper bound on test device impedance imposed by

the constant current pulser. As previously discussed, diode width is 3
proportional to junction area and should produce very predictable ?
results. Therefore, only a wide diode and a narrow diode are tested to

verify this relationship.

c. Radius of Curvature

The effect of junction radius of curvature can be demon-
strated by two different comparisons. First, the lowest failure thresh-
olds due to the maximum electrical field crowding produced by the minimum {
radius of curvature can be compared to the corresponding reference struc-

ture. However, this comparison is complicated somewhat by the fact that
the radius of curvature structure tends to reduce the effective junction
area in addition to causing concentration of the electrical field due to
the curvature itself. The second comparison is between the longest
radius of curvature and the shortest radius of curvature. Any signifi- J
cart difference between the failure thresholds of the long radius of




i I B Te I T g T, Ny MRS e TG DO B I L ek

curvature and short radius of curvature structures would verify the
significance of the radius of curvature. If there is no significant
difference between the failure thresholds of the longest and shortest
radius of curvature structures, this would not rule out the possibility
of a dependence of failure thresholds on the radius curvature. It is

i possible that all the radius of curvature structures are effectively very
3 short or very long and thus do not represent a significant spread in

¥ radius of curvature. If the failure thresholds on the longest radius of
: curvature and shortest radius of curvature structures are significantly
3 . . . .

A different, then data on the middle radius of curvature structure will be
&

very useful in understanding the dependence of failure thresholds on the
¥ radius of curvature.

d. Pretest and Posttest

! A pretest curve tracer photograph of each device tested

and a curve tracer photograph of the doping level test structure from
h‘ each die on which any devices are tested are needed to allow correct
B measurement of the avalanche voltage of the device under test and calcu-
’ Jation of the actual doping level for that die by two independent
1 methods. Posttest curve tracer photographs will be useful in documenting
' the nature of the failure.

C. FAILURE TESTING METHQOD

1. Test to "Failure"
Two power levels associated with failure can be used in this
effort. The level at which hot spots are first seen to form is needed

for direct comparison to the analytical models based on uniform heating
across the width of the device. This level also represents a power level
close to burnout which the device can survive. In previous test programs
where hot spots could not be observed, the failure level had to be deter-
mined by step stressing to demonstrate a failure pulse and a pulse which
the device survived. These two levels bracketed the failure threshold.
From the onset of hot spots, the device should be step stressed to
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failure with the test current being increased approximately 10 percent
with each step; thus, failure should be reached within a few steps. The
devices need to be tested all the way to failure since systems designs
are based on actual failure levels.

Testing to failure imposes several requirements on the test
method. Since a single pulse at a higher pulse amplitude is generally
sufficient to fail the device, the testing should be done in the single-
shot mode. Since both current and voltage, as a function of time, are
required for the same pulse, both quantities must be photographed simul-
taneously. Once failure has occurred or if failure is suspected, another
voitage and current photograph should be taken at the same pulser
setting. This will verify that failure has indeed occurred.

2. Single-Shot Mode
For the reasons discussed above, all photographs of voltage and

current pulses should be taken in the single-shot mode.
3. Optical Photographs

A few optical photographs of the test device should be taken to
document the hot spot location and any unusual features of the hot spot
formation. Also, a few special photographs should be taken of a spike
structure and the corresponding reference structure at the same current
level.

4, Pulser Circuit

The pulse circuit to be used is shown in figure 18. This
circuit is based on the constant current pulser circuit previously used
by Auburn with the addition of an emitter resistor RE and a resistor in
parallel with the test device RT' The emitter resistor makes the current
more constant by removing the effects of variation in transistor gain.
ihe resistor RT improves the fall time of the voltage waveform by pro-
viding a discharge path for parasitic capacitance in parallel with the
test device. The resistors RE and RT should have the values of 220 ohms
and 100 kilohms, respectively. The transistor used for T1 and the model
of fluke DC power supply depend on the voltage required.
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This circuit has several inherent limitations. The maximum
voltage of the HP214A pulse generator used to drive transistor Tl and the
emitter resistor RE limit useful constant current range to values between
2.5 milliamps and 200 milliamps. Higher currents would require more than
50 volts out of the pulse generator and lower currents would allow the
current to become subject to variation due to variations in the tran-
sistor gain. The parasitic capacitance (20 to 40 Pf) in parallel with
the test device and the device impedance, defined as the ratic of the
failure voltage over the failure current, limit the rise time of the
veltage pulse. Since the testing is done at a pulse width of 10 micro-
seconds, rise time should be limited to less than 2 microseconds for the
voltage waveform. A maximum rise time of 2 microseconds will impose an
upper bound on the test device impedance of 50 kilohms. This upper bound
on device impedance is expected to impose a Tower limit on the device
width which can be tested for some doping levels. The resistor RT was
chosen to be ten times greater than the maximum device impedance so that
variations in the test device impedance would not affect the current
flowing to the test device. The maximum failure voltage which can be
tested is determined by the OC source and the transistor and is 490 volts
with the fluke 407D and the TRS6006 and 640 volts for the fluke 4128 and
transistor TRS7016. The maximum voltage may not be sufficient to fail
the longest devices, that is, the 100-micron length for the lightly doped
wafers, 1 and possibly 4, with a 10-microsecond pulse width.

5. Pulse Width

A1l the pulse testing should be done at a 10-microsecond pulse
width except for those devices where the failure voltage exceeds the
maximum voltage available from the pulser. For these devices, the 100-
microsecond pulse width should be used.

6. Sample Size

For each structure and diode correspondng to the unique length
and width, one test sample consists of the same structure and diode
tested on five different die on the same wafer. Thus if the wafer were
ideally uniform, the data on the five devices in a sample would be

jidentical.
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7. Doping Level Test Structure

For each die containing a device tested under this effort, a
curve tracer photograph should be taken of the doping level test struc-
ture. The resistance computed with the curve tracer photograph of the
doping Tevel test structure and the avalanche voltage measured with the
curve tracer for the device under test provide two independent methods of
determining the effective doping of the wafer in the region of the device
under test.

T
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D.  TEST PRIORITIES

da il

PR N S

The testing priorities are outlined in table 2 which refers to the
paragraph detailing the test requirements. This table also lists the
X Tot, wafer, structure, and diode identifying numbers of the devices to be
i tested as well as the length and width of the N region. The estimates of
duration for each test is based on two diodes per hour as previously

diata gl 23

discussed with Dr. Budenstein and a sample size of five devices for each
unique combination of lot, wafer, structure, and diode. The priority is i
listed as an I for a test which needs to be done independently of the
results of any of the other tests, or a D followed by a number for a test
which may or may not be conducted, depending upon the results of the test
" whose number follows the D.

1
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CHAPTER V
DATA REDUCTION

In the testing of the silicon-on-sapphire devices, oscilloscope
photographs were taken of the voltage and current waveforms. These
photographs are necessary to calculate average power which is used to
calculate a damage constant using the formula

]

K=PF - TF

where PF = average power
and TF = failure time.

A program written by BDM prior to this contract was edited to pro-
duce a good data reduction program. A printout of this program is in
figure 19. The program digitizes and plots voltage and current waveforms
using a Hewlett Packard 9830 computer system. From the digitized points,
the power curve is calculated and plotted. Energy is calculated and
plotted from power by a numerical integration routine in the program.
Taking the energy at the time when the device failed (TF), the average
power is figured and printed by the plotter. Also calculated and printed
are the voltage at failure (VF) and the current at failure (IF). The
breakdown voltage (VBD), which is entered by the user and printed on the
digitized plot, is calculated from a curve tracer photograph taken before
testing. VBD is used in estimating and comparing doping levels in the

N-regions of the devices.
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Calculate Average Power, TF, VF, IF (Continued)
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LHEEL =l Tl ToH@s L8 Tty
FLOT -9,8:5,5a=3

LABEL %4 1,.5s 1 . To9@s 10 "EHRGY "
FLOT -8.8+8,.7s~3

LABEL ©*s 151,758 10F
FLOT ~-d.fe2.4.-32

LABEL v+l Sel, 7V ed@a 10" WALS-TIIY "
COTD =S@a4a
IF JLC+PT#%W+20+240 ] <= B THEW #0BZ
GOTD &ak

IF JLI+RT#V+2242%0 ] 2= B THERH THAG

3 0 05 0 00~ Oy U e
4
i3
%]

1
!
1
1
1
1
]

L) B R

fxx]

IF CH+RTV+22+2%V 124 THEH
o ) N

@ IF O o= CET W R
2 IF V=i THEHM £815

GOTO @20

IR TT

le‘l - 1
SOTD =89q

V=i

FETURH

TEIJLCHERTE IR 8 I JL DR TS+ 2L+ 288 ]

PEYe L IDCHRT RN Z AN I- L CHRET M2+ 220 T

Eo+ L CHRTaV+21+23Y J- o s JLOHRTEVAZ3+244 10
IF W=@ THEHW TBzo

IF W=1 THEW 725

FOoGOTD FERa
@ u=Y
1

T
0 0 OR

Y

o

u‘fu P (,. “I' &

00 O oe—

-4 i3y

AR I I Nt )
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R

)

it B B I T B B Bt B (0 x 0 0w e S O 0w SO S e S 0 OO WP I I O

Do IO [
R e e i Rl BN DI Ry SV 200 B A%
»

il L=
W=
GOTO easi
W=
TURH

— X1 -z
Ao Mmoo

— 4
L

3 ©= B THEW To44

BRI A

W=
I'.'I = ‘;-'1

FETLURH

B Y R R BN R B

YU T T TN AT T e 1 v i 4T
S0 T S T T T D S T 0 v T

2908 PLOT Z499%,-3
SEB2 LABEL ¢*s1,5, 1,7yl 10 "DEVICE MR,
TR

FLOT 2,05

0

nIsF "ENTER QD.ELDNLT THEM FREZS STOP™

3
gals ™
S WALIT 2045
2008 LETTER
2918 END

Figure 19. Listing of Program to Digitize Voltage/Current and
Calculate Average Power, TF, VF, IF (Continued)
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CHAPTER VI
VOLTAGE, CURRENT, POWER AND ENERGY WAVEFORMS

The oscilloscope photographs of the voltage and current waveforms

for the Auburn data were analyzed for specific repeating patterns. If

the impedance of the device under test is less than 25 k9, the pulser
produces a rectangular current pulse. If the impedance of the device

under test remains constant, the rectangular current pulse produces a
rectangular voltage pulse. The rectangular pattern is the most common
type of waveform. Another kind of waveform, an oscillating pattern, is
when the curve fluctuates from high to low values on the graphs. The
oscillations are produced by a combination of the parasitic capacitance
and inductance in the pulser circuit and some instability of the impe-
dance in the device under test. The final type of waveforms is a sloping
pattern which can be positive or can peak and then slope negative. These
waveforms are produced by stable variations in the impedance of the
device under test. The impedance of the device under test varies as the
device heats and hot spots form during the pulse. Both the avalanche
voltage associated with the depletion region and the impedance associated
with the bulk silicon vary with temperature.

Rectangular waveforms, oscillating waveforms and sloping waveforms
combined to form twelve different patterns which fit all of the devices
tested. These patterns are summarized in table 3 and illustrated in the
following twelve figures (20 through 31). Every device tested cross
referenced to its corresponding pattern in table 4. The last column in
table 3 is a "no data" column for devices that burned out during setup,
or for some other reason no data was received.
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TABLE 3. WAVEFORM PATTERN SUMMARY

PATTERN  FIGURE VOLTAGE WAVEFORM CURRENT WAVEFORMS
1 6-1 RECTANGULAR RECTANGULAR
2 6-2 RECTANGULAR SLOPING POSITIVE
3 6-3 RECTANGULAR 0SCILLATING
3 6-4 0SCILLATING 0SCILLATING
5 6-5 SLOPING POSITIVE SLOPING POSITIVE
6 6-6 SLOPING POSITIVE RECTANGULAR
7 6-7 0SC. THEN RECT. 0SC. THEN RECT.
8 6-8 RECT. THEN 0SC. THEN RECT. RECT. THEN 0SC. THEN RECT.
: 9 6-9 RECT. THEN OSC. RECT. THEN 0SC.
! 10 6-10  PEAKING THEN SLOPING NEGATIVE RECTANGULAR
h 1 6-11  DEVICE FAILED EARLY IN PULSE DEVICE FAILED EARLY IN PULSE
j 12 6-12  SLOPING POSITIVE THEN NEGATIVE THEN RECT.  RECTANGULAR
1 13 NO DATA
|
: 4
:
q
|
&
|
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. TABLE 4. CROSS REFERENCE BETWEEN
\ VOLTAGE AND CURRENT WAVEFORMS AND DEVICES
i FAIL
: DEVICE OR , PATTERN NO
NOFAIL| 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-1-20-01-04 NF X
F X
2-1-21-01-04 NF X
F X
« 2-1-34-01-04 NF X
| F X
¥
2-1-36-01-04 NF X
F X
! 2-1-38-01-04 X
3 2-1-40-01-04 X
“1 2-1-41-01-04 X
| 2-1-42-01-04 NF X
F X
2-1-53-01-04 X
2-1-56-01-04 NF X
» F X
———————— —————1——-—— n——--————-L—i»—- — el am e = = e e o) = o
{
] 2-1-20-01-05 X
1
2-1-21-01-05 X
i 2-1-38-01-05 X
/ 2-1-41-01-05 X
[ 2-1-53-01-05 X
f 2-1-54-01-05 X ]
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)
DEVICE FSéL PATTERN NO
NOFAIL| 1 2 3 4 5 6 7 8 9 10 11 12 DATA

2-1-20-01-09 | NF X

F X
2-1-21-01-09 | NF X

F X
2-1-34-01-09 X
2-1-40-01-09 X
2-1-41-01-09 X
2-1-46-01-09 X
2-1-53-01-09 | NF X

F X
e il I | S Y U A S O O O O
2-1-20-01-10 X
2-1-34-01-10 X
2-1-38-01-10 | NF X

F X
2-1-40-01-10 X
2-1-41-01-10 X
2-1-42-01-10 X
2-1-53-01-10 X
2-1-54-01-10 X
....... J [ RN PRI PRI PSR (S JURy I PN DU U RPN QR P
2-1-20-04-05 | NE X
2-1-21-04-05 X
2-1-34-04-05 X
2-1-38-04-05 | NF X
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TABLE 4.

CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

FAIL
DEVICE OR NO
NG FAIL 3 12 DATA
2-1-40-04-05 NF
F X
2-1-41-04-05
2-1-54-04-05
2-1-56-04-05 NF X
F
e — e o - —f A — —— —— - - - ]
2-1-20-05-04 NF X
F
2-1-21-05-04 X
2-1-38-05-04 NF
F
2-1-41-05-04 NF
F
2-1-53-05-04
——————————— — gy r——_—
2-1-20-05-05 NF X
F
2-1-21-05-05
2-1-38-05-05
2-1-40-05-05
2-1-41-05-05
2-1-56-05-05
——————————— -r—'n- -l-——T
2-1-20-06-04
2-1-38-06-04 X
2-1-39-06-04
2-1-40-06-04 NF
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

| T
J DEVICE FééL | PATTERN NG
NOFAIL| 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-1-53-06-04 NF X
F X
2-1-54-06-04 NF X
F X
41 ——————————— ————-—1---‘-————r—————‘——-—--—-i—--—-—
: 2-1-38-06-05 X |
2-1-39-06-05 X |
i
2-1-40-06-05 X §
q ——————— ———--——J — i ——y — e — o o— ——— - — —— —-—u——Jv————Q‘-—————-—l
‘ 2-1-34-08-03 NE X
F X
2-1-35-08-03 NF X
2 F X
' 1 2-1-36-08-03 NF X
F X
2-1-37-08-03 NF X
F X
] 2-1-39-08-03 X
3 2-1-40-08-03 X
\ 2-1-41-08-03 NF X
‘ F X
' 2-1-43-08-03 X
',J 2-1-54-08-03 X
i
J 2-1-56-08-03 X
S SR —-—._—_.-L._.-._p__..L_dL_L______._...
! 2-1-17-08-04 NF X 1
| F X
!
; 2-1-34-08-04 NF X
F X
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)
FAIL
DEVICE OR PATTERN NO
NO FAIL 2 3 4 56 7 8 9 10 11 12 DATA

2-1-35-08-04 X ]
2-1-36-08-04 NF X

F X
2-1-37-08-04 NF X

F X
2-1-39-08-04 X
—————— — e — -"_‘_-"‘_“‘—‘L__-"—"‘F-L_"'+—‘L—"—"“-
2-1-38-11-03 X
2-1-40-11-03 NF X

F X
2-1-41-11-03 NF X

F X
2.1-54-11-03 NF X

F X
_______ -_..._% ..._.-_.+__4_d___._..__.._1-__.___.._
2-1-17-11-06 NF X

F X
2-1-37-11-06 NF X

F X
2-1-40-11-06 NF X

F X
2-1-41-11-06 NF X

F X
2-1-54-11-06 X
——————— ————d»——-—-T—r——-m—-—-——-——-—4-—-‘—.-—.—.—-——-—n
2-1-21-11-09 X
2-1-38-11-09 X
2-1-80-11-09 NF X

F X
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

: FAIL
PATTERN
3 DEVICE OR NO
. NOFAILI T 2 3 4 5 6 7 8 9 10 11 12 DATA
2-1-41-11-09 NF X
F X
: 2-1-54-11-09 X

i Wl 0

bt

-i
|
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CURRENT WAVEFORMS AND DEVICES (Continued)

j TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
!
1

FAIL
) DEVICE OR PATTERN NO
: NOFAIL{ 1 2 3 4 5 € 7 8 9 10 11 12 DATA
L 2-4-24-01-08 NF X
: F X
2-4-34-01-08 X
i
h 2-4-35-01-08 X
i 2-4-36-01-08 NF X
. F X
"
i 2-4-55-01-08 X
/1
! 2-4-74-01-08 NF X
\, F X
S mmmm——— —————ﬂ—w—b—%»—b————+—F——+——
2-4-63-01-09 X
k 2-4-64-01-09 X
' 2-4-65-01-09 X
2-4-73-01-09 X
2-4-74-01-09 NF X
F X hd
‘ —————— e — - — -—.1-—-.-————_‘{—__———d-————-r——
2 2-4-63-01-10 X
L 2-4-64-01-10 X
t
: 2-4-65-01-10 NF X
! | F X
2-4-73-01-10 X
2-4-74-01-10 X
——————— L-——-L—-——-————-—}———--—d—————-——-t-—-A———
2-4-24-01-13 X
2-4-35-01-13 X
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

|
| FAIL
3 DEVICE OR PATTERN NO
NOFAIL| 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-4-41-01-13 NF X
! F X
| 2-4-42-01-13 | nF l X
C £ X
1 | :
A 2-4-55-01-13 NF ‘ l X
d F @ | o
58 ! i
¢ ) 2-4-74-01-13 NF | i X |
1} F v |
"E. —————— JL———-—-—»——-»——--——————r—-dn——-—-—-—d—-d—T———-—--—i
; 2-4-63-01-24 X i
i 2-4-64-01-24 . ’
2-4-65-01-24 X
% 2-4-73-01-24 X
2-4-74-01-24 X
_____ _.——.——-L-—F———-—l—-—r—h—-———r--—L——-———-—-r——L-———
2-4-63-01-25 NF X
F X
‘ 2-8-64-01-25 NF X
{ F X
|
{ 2-4-65-01-25 NF X |
| F X
;!
f 2-4-73-01-25 NF X
F X
8 2-4-74-01-25 NF X
1 F X
______ -"—--——.1.——-.—-1»——.—..__..1-____(_._4.—..———-—4———-——
- 2-4-34-05-03 X
‘ 2-4-35-05-03 X *
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

—— ‘J._ et - e Ml e+ e e -+ — o e e

FAIL
DEVICE OR PATTERN NO
NOFAIL] 1 2 3 4 5 6 7 8 9 10 11 12 DATA 1
' k
‘ 2-4-38-05-03 NF X | ‘
- F ' g
| | !
:} 2-4-41-05-03 NF X !
< £ | X !
. i
.- !
i 2-1-55-05-03 | | « |
2 +___J_+_¢__—_+__‘-4_%_‘,_4__
% | ! | | !
% 2-4-63-05-08 | | X | ;
5 | j J i i :
% 2.0-68-05-00 | NE | ¥ | | | | ; |
| Pl | L x4
4] i i | ; | . i
= i | ; :
; 2-4-65-05-04 ! g { ; o ]
| | P b ;
1 2-4-73-05-04 | NF | ! o I
. F | | I ,
1 | o s
: 2-4-74-05-04 | NF X Lo
| F ! X1 i
: | | |
2-4-75-05-04 | X |
S e - == -t t-F--T Tt
| 2-4-63-05-05 X l
‘ |
% 2-8-64-05-05 X ’
i
| 2-4-65-05-05 X b
{ |
| 2-4-74-05-05 X : |
J 2-4-75-05-05 X |
B WP | DU S St S Ny
2-4-34-05-08 X
\. 2-4-35-05-08 X 1
1
; 2-4-36-05-08 | L X
= 2-4-38-05-08 ! X }
' !
2-6-55-05-08 | | X
]
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4 TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
- CURRENT WAVEFORMS AND DEVICES (Continued)
j FAIL
] DEVICE OR PATTERN NO
NOFAIL |1 2 3 4 5 6 7 8 9 10 11 12 DATA
: 2-4-74-05-08 NF X
"‘ F X
A e t—-———"1-1t-r-r-\I-r4-——4-+t-r4-—31-1v--
3 2-4-63-05-19 X
. 2-4-64-05-19 X
‘ 2-4-65-05-19 | X |
| 2-4-73-05-19 X | ,
.1 2-4-74-05-19 X
vy ] NP N AU NN NN S S R DN N S U
i - T. . |
2-4-63-05-20 NF X
_ F ’ X ! !
_; ‘
| 2-4-64-05-20 NF X
] F X ¢
2-4-65-05-20 NF X
F X
] 2-4-73-05-20 NF X
.‘ F X |
g 2-4-74-05-20 NF X
' F X !
s LT e —d b=kt - -4 4 — - |
g 2-4-24-06-03 X{ | ;
! 2-4-34-06-03 X i %
i 2-4-35-06-03 X i | %
4 j
. 2-4-36-06-03 X |
: 2-4-42-06-03 X
{ 4
! 2-4-43-06-03 NF X i
‘ F X
| 2-4-55-06-03 X i
2-4-74-06-03 X i
_______ L-——.——_-L—I——__J_L.—_—__»_—._._.__L_.L—_ i
i
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)

“ it TS b S, Tl g, .

FAIL
DEVICE OR PATTERN NO
NOFAIL |1 2 3 4 5 6 7 8 9 10 11 12 DATA

2-4-63-06-04 NF X

F X
2-4-64-06-04 X
2-4-65-06-04 X
2-4-73-06-04 NF X

F X
2-4-74-06-04 NF X ; ;

F { i
—————— ——-——-1_-—‘1——-———-—>——-1—-1—-—- —-————J-—?—--—-—l
2-4-63-06-05 X
2-4-64-06-05 NF X

F X
2-4-65-06-05 | NF X i

F LX
2-4-73-06-05 | X
2-4-74-06-05 P X
——————————————— ——-—-—4——-—{—-.4.-—7—-_.—1—.1;—-—__
2-4-24-06-08 NF X

F X
2-4-35-06-08 NF | X

F X
2-4-36-06-08 X
2-4-41-06-08 X
2-4-42-06-08 X
2-4-55-06-08 X
2-4-74-06-08 NF X
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, TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued)
4 FAIL
3 DEVICE O0R PATTERN NO
- NOFAIL|1 2 3 4 56 7 8 9 10 11 12 DATA
i 2-4-64-06-19 | NF X f
, F X {
! 2-4-65-06-19 | X o
% 2-4-73-06-19 | X |
3 2-4-74-06-19 | NF | | B
, F ] I Xl } |
‘ , |
) 1
4 2-4-75-06-19 ! X
1 2-4-76-06-19 | X | .
g —————— -{——————{——-—4——}-—-_1—.{..——._‘—_'.—.__—--—L-—J--———J
| 2-4-63-06-20 | NF ' | X
- F | X | !
! | , ‘ ! i !
2-4-64-06-20 | NF x 1o . | ‘
- 2-4-65-06-20 | NF X ; | L
F : X |
1 Il !
2-4-73-06-20 | NF X ! | !
. F | | X
| NEREE
i 2-4-74-06-20 X |
2-4-75-06-20 NF X !
F | X
____________ _.._L..._;..._.—..__L_L__L_L____L.____

Y. .
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: TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
4 CURRENT WAVEFORMS AND DEVICES (Continued)
FAIL
' DEVICE R PATTERN NO
1 NOFAIL |1 2 3 4 5 6 7 8 9 10 11 12 DATA
H :
! 2+5-36-01-08 | | X
: 2-5-64-01-08 | NF LX)
\ F x ] X
2 2-5-65-01-08 NF b ! X
 { F Lo X
2-5-66-01-08 | NF Colx
. F o X
£ ! 1
b 2-5-72-01-08 NF X |
1 F X
2-5-73-01-08 NF X
F X
" ——————— ————-—L—d——p————n————t——-——-r-——-—u-—-{———-—-——
3 2-5-62-01-09 NF X
! F X
2-5-64-01-09 NF X
F X
. 2-5-66-14-02 NF X
3 (2-5-66-01-09) | F X
‘ 2-5-72-01-09 NF X
1 F X
g 2-5-72-14-02 NF X
‘1 (2-5-72-01-09) | F X
: 2-5-73-01-09 NF X
J ‘ Y
$ 2-5-73-14-02 NF - X
- (2-5-73-01-09) | F X
1
| 2-5-75-01-09 NF X
F X
i —————— ——————Jh._\-———-—J————L—--—.—-—d—-L—Jb—_—
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TABLE 4, CROSS REFERENCE BETWEEN VOLTAGE AND

: CURRENT WAVEFORMS AND DEVICES (Continued)
1 FAIL
3 DEVICE 0R PATTERN NO
] NOFAIL| 1 2 3 4 5 6 7 8 9 10 11 12 DATA
% 2-5-53-01-10 X
] 2-5-64-01-10 NF X
F X
2-5-66-01-10 NF X
F X
1
2-5-72-01-10 NF X
F X
3 2-5-73-01-10 NF X
- F X
2-5-74-01-10 NF X
F X
et [-———-}--—-»——.———-—...-L.—.-—-—\-—-L-—--——_.—-—n-_-’..__
[ 2-5-36-01-13 X
! 2-5-64-01-13 NF X
- F X
2-5-65-01-13 NF X
F X
. 2-5-66-01-13 NF X
1 F X
2-5-72-01-13 NF X
‘{ 2-5-73-10-13 | NF X 4
| F X
—‘1 —————— ————————-———-ﬁ—u——h-—-——w———-i—-— e peman g | v a— — —
R 2-5-53-01-24 NF X
J F X
::1 2-5-66-01-24 NF X
o F X
2 -
K 2-5-72-01-24 NF X ‘
k F X
§
| 88
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
| CURRENT WAVEFORMS AND DEVICES (Continued)
FAIL
. DEVICE OR PATTERN NO
NO FAIL § 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-5-73-01-24 NF X
F X
2-5-75-01-24 NF X
2-5-75-01-24 F X
______ _____.J__Jr____.._J_r___-,._.;.__——--r._u—_._
2-5-53-01-25 NF X
F X
2-5-66-01-25 NF X
F X
2-5-72-01-25 NF X
F X
2-5-73-01-25 NF X
F X
2-5-74-01-25% NF X
F X
______ -—-——--——.&,——J,——,—-———A—r———..-r-—.-———-—-—-—}-—’.-—.—
2-5-36-05-03 NF X
F X
2-5-64-05-03 NF X
F X
2-5-65-05-03 NF X
F X
2-5-66-05-03 NF X
F X
2-5-72-05-03 NF X
F X
2-5-73-05-03 NF X
F X
2-5-74-05-03 | NF X
| J '
______ —— e b et e o A o e ) o d e e e e A Ll
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND

| CURRENT WAVEFORMS AND DEVICES (Continued)
: FAIL
1 DEVICE OR PATTERN NO
NOFAIL; 1 2 3 4 5 6 7 8 9 10 11 12 DATA
: 2-5-53-05-04 NF X
} F X
1 2-5-66-05-04 | NF X
- F X
2 2-5-72-05-04 NF X
F X
2-5-73-05-04 NF X
. F X
lq 2-5-75-05-04 NF X
! F X
_________ R TR (T T Qi Ny SR S N . i PEr pp—
2-5-61-05-05 NF X
1 F X
4{ 2-5-72-05-05 NF X
! F X
: 2-5-73-05-05 NF X
F X
2-5-74-05-05 NF X
F X
2-5-75-05-05 NF X
F X
—————— -———r—————r— — — e — — — ot — o— — -———lr——l
2-5-36-05-08 NF X ‘
F X J
g 2-5-64-05-08 NF X
3 F 1 X
b |
; 2-5-65-05-08 NF X ]
% F X :
. b
2-5-66-05-08 NF X
| F X
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND

4 CURRENT WAVEFORMS AND DEVICES (Continued)
1 FAIL
| DEVICE R PATTERN NO
NOFAILY 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-5-72-05-08 NF X
F X
3 2-5-73-05-08 NF X
: F X
—————— h————-——j—d——-———)—-————u——lh—‘———
. 2-5-53-05-19 | . NF X
- F ¥
- 2-5-66-05-19 X
i
1‘ 2-5-72-05-19 NF X
. F (
’i 2-5-73-05-19 NF X
F X
2-5-75-05-19 NF X
| F X
: —————————— ——4—»——-——————‘—---—--———4-—'—-—-—-——4 ‘
2-5-53-05-20 | NF X ;
F X :
2-5-66-05-20 NF X
‘ F X
i 2-5-72-05-20 NF X
F X
! 2-5-73-05-20 NF X
| F X
{
' 2-5-74-05-20 NF X
F X
J“ —————— — — —ﬂ——lp — e — — —--L—-————-—r——r— p— et e e e o
9 2-5-36-06-03 NF X
| F X
= 2-5-64-06-03 NF X
{ F X
2 2-5-66-06-03 | NF X
: F X
. 9]

T
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TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Continued) ]
FAIL
DEVICE oR PATTERN N0
NOFAIL{ 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-5-36-06-08 NF X
F X
2-5-64-06-08 NF X
F X
2-5-65-06-08 NF X
F X
2-5-66-06-08 NF X
F X
2-5-72-06-08 NF X
F X
2-5-73-06-08 NF X }
F X i
_____ ._____._L_._._r_-_r_.-_. 4}—.1-__.—_..}_-—4}——_-..
3
2-5-53-06-19 NF X .
F X
2-5-66-06-19 NF X
F X
1
2-5-72-06-19 NF X
F X
2-5-73-06-19 NF X
F X
2-5-75-06-19 NF X
F X .
__________ F-—T-—-_J—_ L -AF_ — I—-—Jn—-——-——-——-J 4
2-5-53-06-20 NF X |
F X
2-5-66-06-20 X ;
2-5-72-06-20 NF X




TABLE 4. CROSS REFERENCE BETWEEN VOLTAGE AND
3 CURRENT WAVEFORMS AND DEVICES (Continued)

! FAIL PATTERN
DEVICE oR \0
NOFAIL] 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-5-72-06-03 NF X
F X
2-5-73-06-03 NF X
F X
______ — e - — e —— . o — — i —p —— e ] — b e —— o —_——
2-5-46-06-04 NF X
F X
2-5-53-06-04 X
2-5-52-06-04 NF X
F X
2-5-64-06-04 NF X
F X
1 2-5-72-06-04 MF X
z F X
¥
3 2-5-73-06-04 NF X
, F X
] 2-5-74-06-04 NF X
F X
————— ————-—--—_._———.——--_—-—-p—--r———_-.——__
( 2-5-53-06-05 X
‘ < 2-5-64-06-05 NF X
z F X
' 2-5-66-06-05 NF X
' F X
,,j 2-5-72-06-05 NF : X
W F X
1 2-5-74-06-05 NF X
F X
2-5-75-06-05 | NF X
, F
______ ——J_-L__..L_LJL_L_ ___L.Ji.__x_.[_._
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TABLE 4.

CROSS REFERENCE BETWEEN VOLTAGE AND
CURRENT WAVEFORMS AND DEVICES (Concluded)
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A FAIL PATTERN
| DEVICE OR NO
$ NOFAIL{ 1 2 3 4 5 6 7 8 9 10 11 12 DATA
2-5-73-06-20 NF X
F X
i 2-5-74-06-20 NF X
F X
2 2-5-75-06-20 NF X
E: _____ A .._F_ — — —L e e L -L —_— l_ P _Ji- — ._X —




AD=-A105 558 BDM CORP ALBUQUERQUE NM F/6 20/12
DNA ELECTRICAL OVERSTRESS = HARDNESS ASSURANCE DATA VOLUME,.(U)
JUL 80 R TURFLERs» D C WUNSCH DNA001'19-C-0133
UNCLASSIFIED BDM/TAC~80-373-TR DNA=-S377T
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CHAPTER VII
PULSE TEST DATA

This chapter contains the data resulting from the pulse testing of
the silicon-on-sapphire diodes. All the parameters that were included in
the computer data base are defined in table 5 and cross referenced to
other chapters of this volume for further explanation. A complete print-
out of the data base is contained in table 6.

The first 5 parameters in the data base provide a unique identifi-
cation of each device fabricated. The parameter length is measured in
the direction of current flow, and width is measured perpendicular to the
current flow. The date, page, shot number, bias, and fail are all taken
from the oscilloscope photographs.

Table 7 describes the parameter data quality. Five is the maximum
on the scale, and points are taken off for varicus limitations of the
oscilloscope photographs. If a device is not listed in the table, the
data quality is five. One point was taken off for each of the following:
(1) current or voltage less than one vertical division on the originai
photograph, (2) oscillations in the voltage or current waveforms, and (3)
failure pulse less than one horizontal division on the photograph.
Points were also deducted for poor waveform traces (trace too faint)
devices that were not tested to failure and devices that failed, but no
conclusion could be made concerning which test caused failure. Most of
the devices in the last category were in test sequences with optical
photographs and are labeled "optical photo fail?" The optical photo-
graphs require several hundred repetitive pulses. Thus, any drift in the
pulser could cause failure at a much higher power level than the wave-
forms photographed. Therefore, several points were then off if a device
did not receive a posttest I-V check to insure that it was still good
before the next pulse test.
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PARAMETER

Lot
WAFER

DIE
STRUCT(URE)
DIODE
LENGTH
WIDTH

DATE

PAGE

SHOT #

BIAS

FAIL

TF

VF

IF

PF

VBD
RADIUS
DATA Q
K
K/WIDTH

S i aame el AN T

TABLE 5. DATA BASE PARAMETERS

DEFINITION

PRODUCTION LOT NUMBER (ALL LOT 2)

WAFER NUMBER RELATED TO DIFFERENT
DOPING LEVELS (1, 4 OR 5)

COMPLETE GROUP OF STRUCTURES

INDICATES TYPE OF JUNCTION

INDICATES DIMENSIONS

LENGTH OF LIGHTLY DOPED REGION

WIDTH OF LIGHTLY DOPED REGION

DATE TESTED

0SCILLOSCOPE PHOTOGRAPH PAGE

0SCILLOSCOPE PHOTOGRAPH NUMBER IN TEST
SEQUENCE

0 = REVERSE; )} = FORWARD; 11 = LATERAL WITH
P AND N OPEN; 12 = LATERAL AND P TO N

0 = NO FAIL TEST; 2 = FAIL TEST

FAILURE TIME

VOLTAGE AT FAILURE

CURRENT FAILURE

AVERAGE POWER

BREAKDOWN VOLTAGE

RADIUS OF JUNCTION CURVATURE (STRUCTURE 11)

DATA QUALITY - TABLE VII-3

DAMAGE CONSTANT

NORMALIZED DAMAGE CONSTANT
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PUT U

TABLE 6. ~ PRINTOUT OF DATA BASE

WAFER 1 & 4

TLIHT

r
P
—
E
T
il
m
a
[N ]
—
m
o

)
9

LT Slile

.ﬂ.
e
i

M Z.a2 E~ ! dg-a1 . Cead
2 2L AEIIE . 1 B3y 1 TG L
: 2, N00E ie g JE-] ! E+id 4.
4 Z . INORE o0y PP IS Pls T S ] BE+1 L S+ 4.
+ s o FITA0E +00 L AGENECD AE+ 3 1 g3 3,
i S L.09QuaEedn 1, BE+IL o Eedy 3,
l T 2L AYBABE 20 L, HE-Q1 : E+0 M
]
& B z. £r . WEed] ! A= 3
o 13 . g+ 1. BE+IL ¢ HE +) 4
H Ll 2. E+ l. DE+T! : £~ 3
! L2 2. E~- L. ag-a1 < E- <
54 | L3 2. 1E+ ! ERL 4 “C . :
1 4 2. AE+ 1 PR TN : E- B
v L3 e E+ 1 BE+0] N E- a
.1 3 2. JE + H ALl 1 g~ <
% iT 2, E+ 1. E+31 € - ;
3 L3 2. IE+ 1. IFBE +30 RE+3L 1L ADDRAE+ Z
! LF Z. £+ L ANHBRE+aR BE+3 L Al <
4 a2, £~ i : GE+d! T, 3I000E-09 4
: ESS 2. E+ 1 BE+DL T DODAIE DD 3
X2 2. 2E - K DE-A1 L ARNBRE -3 4
Z2 . AE+ 1, 9B39QE+2) QE+D! 1. 29@0ag <340 =
i3 2,96 E+i 1. 39333E+39 SRR 1. JB0GQE«~3 H
3 .89 E+ 1,3809QE+3a = QE+31 1.4 IE+
28 2. 2BBIE+GE 1, B9DOBE +32 < BE+a] 1.2 JE+39 ]
T e 1 [ Fu T ] =8 ] 1. 393QVE+RQ S AE+41 12T -qul
] 2, AaRaE-ag 1.9 £+99 < BE~+i1 1 AORDAE«ID
i3 e [ T5 xJx I s T L. 2RRBAE 4D S E+d1 4, DODNE g0
] e T T Tl g e L. H038RE+aY S JE+I1 4, 23992 +00
N 2. A00DaE+ 1. 2a038E+5H0 5 JIE +:3 1 2, ARIHRE+ID H
2 2.059a0E+ { . 23IFRE+RA 9 FE+AL 1. 13BO9E-aL :
i3 2, e+ 1,99393E+ < GE+41 1. 10003E -0 .
p3 T DOE+ 1. 29390 +3) S AE+D ! 1. 12R0RE+D!
B 2. AgvacE+ 1.93990E+04 b FE+Q ] 1. 1993083
k1A 2. IBAORE - 1. S JE+AL 1. 103a0E-a
7 I,0990aE. 1. 2 5 E+i1 1. 100BOE+G!
3 2. AR0RE+ G 1. 99393E+Q8 E-al 1. E-2u
) 2 ABIDRE+DG P 15 T T Rl E+iit ‘. g3
3 2. InaE+i2d 18 BANE+~L £+ 1. E+23
41 2L RRaIAE+ ) i IE+E g+l 1. £+
32 R Ex B JsTe ] 1. HE 4 & E+a1 L E+
sz Y] X 1. QE -3 2 -1 . 2E
4 Ty ie £+90 E E+a1 Le JE
43
47 Z : 2.390aRE+d] 1. <
47 2 1 I Zeat ‘e B
43 kS 1 2,88 g+l L. 4
43 < 1 S.ARAnE+ 2 . 4
T3 Z 1 2.3 Evtl <. <
71 K 1 s 1) E+1 . 3Q 4
22 2 1 2. 3d S+t " a4 4
3 2 i 2. 00 E+ul BN aa 4
T4 Z 1 2.1 E+31 ‘e Bl <
=S z 1 .10 ERTEM . E+d0 <
B M .19 [R5 1. E-d3
== 1 Z. E+i1 e E-Qu
73 R 2. £+31 e Eea
R 1 . E+at 1. E-qe
=3 ' . E+Q] 4, Ey
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PRINTOUT OF DATA BASE (Cont

TABLE 6

WAFER 1 & 4

It
v

‘.
'L
t

et ot

I

TR IRES]

(=
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A racalfue
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TABLE 6. PRINTOUT OF DATA BASE (Continued)

WAFER 1 & 4

AR LTR LI}

DAY

2
D
L)

D)
o
1

dud e b daLlies e

by 0 e

WO T N

2O

D S

T T,

s A

-
b

AR

S S 0D DD T D

TS TN B R AL R Y g
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1 r e s s )

LR S e Ty RN

A, %
a0 5]
2 1
%] W
b

b

Loy .

K 3,

5 a,
sl a.
B o,
=L .
33 .
2 A,

i a,
! o,
h Q.4
T A, 0
z g,

)
.
) e
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TABLE 6. PRINTOUT OF DATA BASE (Continued)
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i WAFER 5 & 4
1
1 EVENT LT WAFER UlE STRUCT J10DE
°, 131 s i 4, 299QBE+Q4 3.S00Q0E+Y] . B0BRE+QY TRIQIE « 1)
J 132 o i 4, 9333E+9% 2, 49300E+9) 1. 99I3E+01 2. IBDIIE + 20
) 123 Bl 4. 33V00E+9y 2.49300E-01 1. 99B39E+Qy T IQOBRE vID
3 L) fa]x) 4., 9308BE+a0 1. 90p3aE+91 1,30 E+al
N 125 Gl 4, 33383E+99 L. Q9REBE+9d 3.30RRAE+ 3R
g 126 a1 4, 95933E+00 5. ARPIIE+QD BIRAE -3
A 13?7 a9 4, 9893DE+28 5. 90 RIE+D) BODIE 1)
.| 1:8 ag 4, 93980E+98 2. 432a9E+a | 5. AOYIE+)R YYIIE+I9
b+ 133 5] 4, 3I8IE+ID 2.3090RE+9] 5. I0IVE+Ba QRBBE~38
o 139 g 4, 33330E+93 3., 39300E+D] L. 390o0E+dy 3. B9IA3E+90
i 131 X 4. 39AYNE+04a 3.4B3RHBE+T] 1. I9080E+G0 3. 30uRGE+aR
| 132 4. 03IRE+38 3. 490E+3] <. QBUBDE+3Y 3. 3QHIBE+AQ
; 133 4. 93952E+90 S, 1990BE+I ! S, YBOBIE+QD 3. HQ0RIE+DY
134 4, J9YBBE + O3 3, 40030E+31 S I9IBQE g GYAGIE + 33
o 1385 4, 20030E+08 3. 49U80E+D ] 5. IBIBVE+BD AQO0BIE+I0
T 4, IIIBE+8a 5. 4900E +13] 5. IGIGOE+IY JQRIIE-D9
! 137 4, 39980E+00 S.S0BgRE+a] 1 20BIE+3Y QYAIIE+IB
133 % 4. 99930E+93 S.5899RE+B] L 29RRRE+9D DGADOE+ID
1993 QBABE+I9 4, 220U00E -9 S.509B0E+01 L. UBORRE+0Y SHRRIE+31
ZH) GYDEBE+ D) 4, J90QDE+3D S.TRORIE+aL 1. 3aagQE+9d 1, 200age+~at
JYIGBBE+ 3 4., I99QDE+35 5. 59408E~+a! S, G0aIE+QD 3. 39330E +29
i a3 4, 390BRE+Y2 S, S0uBoE+D1 . 23900E+0Y HROIIE+DE
' 2, 9OQBIE+ D 4, J3JQVE+Q0 S.50390E+0] S, DBOYIE+I} JQD0DE+Q9
2. 3939RE -+ 4, I000BE+a2 9. T09agE+] 5. 980aIE+gn ‘ 1
L BOVIDE <29 4, GO00BE +3n S. 29989 2. I00EIE+Q0
- >, IBRGRE+DD 4, 33000E +39 <. 5. 93AQDE+I HYOBRE+30
L FORGOE+30 4, 98I0BE+90 S. 5. A3DPIE+A SOAERE«2)
IIAIIE+393 4. 33000E+32 5. £, DIRHHE +B8
i ; 4, 99809E+90 4, B, IIPYIE+BOD
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: 4, 39399E+919 4. 5, 2AR0E+32 2
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E+0y 4,00003k+00 3. 50808E+91 5. 0R9PVE+RD 2.9 ]
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TABLE 6. PRINTOUT OF DATA BASE (Concluded)

WAFER 5 & 4 D

H ENT i
-y
| 131 3 2 9, 09098E+3) QPBE+3D ] o
g 1iz a A A ad8iEsRe QRAE +04 & v
! 133 3 3, 299898 . IAIE +99 @ £~
- 154 3 L399, AI0A9E+ g IDE +414 i E-id
! 139 3 +389 9,99999E~@9 9 BE+20 0 gD
{ 138 3 3G 9, 098A0E+80 O AE+33 0 JOGOE 23
- 137 a +03  9,99009E+88 9 PE+30 @ HADE+DD
3 153 a £33, 290B0E+33 AGE +a9 a FAIE ~)
y 133 9 L9 @, IIAGDE+@a OE+3¢ a FARE -0
o 139 A w00 9, 3I9RELaR JE+30 & GODE + 2@
! 121 3 +35 9. 9DIBDE L FIOE +AK X JOGE 235
o | 132 A +30 RIIE +37 3 AGIE « 39
“ 133 3 2 FIRRE+a 8 GIAE+ A
! 134 a 1 BADRE +341 g R SOGE +00
' 138 3 T 9, J98Ed BRRE+30 ) -30 IGVONE+30
} 138 3 3 9, J00ARE+DQ CUABE+DD  9,J0RE9E+0d I, 9BODDE-Dd
= Y a ) 9. 09PBIE+9) GUDNE+AD 3, I0V0NE~IT G, JOUDIE~JQ
13 3 ag A, IIARRE+Rn QURRE+I 3, I0039E«Q9 I, IRCRREHD
133 3 a9 8, 20909E+09 QUDUE+ID 3, I00ORE+DD O, DIPRIE.ID
199 3, 99I09E+93 2, IRIDRE~S0 ARBE+RR 2. I9E0RE.ad 2. A0INDE-SD
91 0, 99GRE-Y A, JDIBIE+BY JGRIRE+DD I, DINBIE+D BIBIE+39
a2 3. a3, J9990E+89 DERE+DY G, OY3OSE+DD BURGE » e
§ 193 3 9, I00gRE+d9 BE+Y3 D, 0AABE«ad 2, JG0ODE-00
: 04 3 3, QPAQRE +89 GE+0 9, I3090EeID 3, DPUIEE-QD
' 3% o 3, 98B09E+95 GE+9a GOGE+ED 0, GIR0NE+aa
‘ 198 b A, 2RAQRE+a QE+ay 3, 29@AQE+3d D, IBOGOE -9
: za? 8 3, 3DIQ0E+B0 BGE+«33 9, 30080E~a0 3, JYADBE~2D
138 a 3, IP0HNE+A3 QE+38 9, 4000RE«dn 0, JACARE-39
93 3 9, JB0QAE+Q0 IPOE+D 0. DOIITELRY 2. AEIIIELTD
iid N 9, GRBYIE + 51 JORARE +28 GRE+RD B, JADRRE~R
it a. 9, 999HRE+D3 0. IGEBIE+E GUEVE«R0 2. 03IFRE+0R
Y 2 3. 3,00980E+99 3, VORIE+ID LOQQRRE D 2, JIQDRE 8D
I3 . 3, 00000€E+99 0, 3@UIBEE+QD goooE+38 D, ADH9VE 3D
‘ Iid 3.9 A, IRAGRE+HY O, IDIGOE -+ PIBE+IN 2. IQEDIE+30
iis 3, RBIE 0D 3, PBIGLE+QY &, Aa0BE+BY JPIQIE+Q0 9L BRR0GE« )
1 I8 2, 0R0INE+GD 3, I0080E-dD D BUE +37 LHODFCE+IR D, OFIGAE DG
i’ . 3,00000E+00 3 AIE+ID GUE+9D 9, QBARIE-DE
| i3 3 3, 900B0E+00 POE+31 BE-o0 .13
itd A 3,92090E+38 0 FIE+HD +35 -3
Ry 3. 200 23, 3IIE0E+ay s BaE+0yg RN -5
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TABLE 7. EXPLANATION OF DATA QUALITY

i .ssgb.ssp égp F /S
. \g Y N\ o\ v\' VV \\
i < & AN NS/ QD
& &S & (P9
N JLIL I B
_ RAPEIAES W &S
3 DEVICE NO. N VAL YEIL VA COMMENTS
o ; 2-1-20-01-04 Fla X
2-1-21-01-04 N3 x| x
} 2-1-21-01-04 F X X
1 2-1-34-01-04 F | 4 X
1
| 2-1-38-01-04 F | a X
! 2-1-42-01-04 NF 4 Possible high probe
contact resistance
{ 2-1-42-01-04 Floa X
, | 2-1-56-01-04 Fl 3 X X
2-1-20-01-05 Floa X
2-1-38-01-05 NEo| o4 X
- | 2-1-38-01-05 Fla X
1 ! 2-1-56-01-05 Fl2 x| x y
i
| 2-1-20-01-09 F | oa X
‘ i
| 2-1-38-01-09 | NF | 3 Bad Photograph; hardly
% | traceable
l | 2-1-34-01-09 Floa X
g 2-1-20-01-10 | NF | 4 X
’ | 2-1-20-01-10 Fl 3 X I trace poor
» i
; | 2-1-34-01-10 NEL s ] X
' ' ; 2-1-38-01-10 NF 4 X
1
' [4?"‘53’01‘10 NF 4 X
|

BOM/TAC-80-373-TR
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DEVICE NO.

TABLE 7. EXPLANATION OF DATA QUALITY (Continued)

2-1-20-04-05
2-1-21-04-05
2-1-21-04-05
2-1-38-04-05
2-1-38-04-05
2-1-40-04-05
2-1-41-04-05
2-1-41-04-05
2-1-56-04-05

2-1-20-05-04
2-1-20-05-04
2-1-21-05-04
2-1-21-05-04
2-1-41-05-04
2-1-20-05-05
2-1-21-05-05
2-1-21-05-05
2-1-38-05-05
2-1-38-05-05
2-1-40-05-05
2-1-40-05-05
2-1-41-05-05
2-1-41-05-05

NF

NF

NF

NF

NF

NF

w & A

N 2w A e

Possible Overkill

1 trace poor
1 trace poor

[ trace poor

I trace poor
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TABLE 7. EXPLANATION OF DATA QUALITY (Continued)

&

iy

DEVICE NO.

2-1-56-05-05 NF 4 X
2-1-56-05-05 F 3
2-1-20-06-04 NF 2 X I trace poor
2-1-20-06-04 F 3 [ trace poor
2-1-38-06-04 NF 2 I trace poor
2-1-38-06-04 F 2 [ trace poor
2-1-39-06-04 NF 3
2-1-39-06-04 F 3
2-1-40-06-04 F 3
2-1-53-06-04 NF 3 X
2-1-54-06-04 F 12 X i
2-1-38-06-05 NF 3 X |
2-1-38-06-05 F 1 X i
2-1-39-06-05 NF 1 X I trace poor
2-1-39-06-05 F 1 1 trace poor
2-1-40-06-05 NF 1 X
2-1-40-06-05 F 0 X I trace poor
2-1-34-08-03 F 1 X [ trace poor
2-1-35-08-03 F -5 X X1 X I trace poor; possible ;

overkill "
2-1-36-08-03 NF | -5 X | x I trace poor; Did not fail E
2-1-37-08-03 F 1 X{ X I trace poor; V trace poor 1
2-1-39-08-03 NF 1 X X1 X I trace poor

BOM/TAC80-373-TR
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DEVICE NO.

TABLE 7.

EXPLANATION OF DATA QUALITY (Continued)

.
>,

L™ v -

o S
~ . i :

R
—— - -

e e LT

2-1-39-08-03
2-1-41-08-03
2-1-54-08-03
2-1-56-08-03
2-1-56-08-03
2-1-17-08-04
2-1-34-08-04
2-1-34-08-04
2-1-35-08-04
2-1-36-08-04
2-1-37-08-04
2-1-39-08-04
2-1-39-08-04

2-1-38-11-03
2-1-38-11-03
2-1-40-11-03
2-1-40-11-03
2-1-41-11-03
2-1-41-11-03
2-1-54-11-03
2-1-54-11-03
2-1-17-11-06
2-1-17-11-06

NF

NE

HF

NF

NF

NF

NF

1 trace

1 trace

0id not

1 trace

I

poor; V trace poor

poor

fail

poor

poor

poor

poor

poor

poor; V trace poor

poor

poor
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TABLE 7. EXPLANATION OF DATA QUALITY (Continued)

e
e

DEVICE NO.
2-1-37-11-06 NF 2
2-1-37-11-06 F 2 I trace poor
2-1-40-11-06 NF 4
2-1-40-11-06 F 3
2-1-41-11-06 F 2
2-1-54-11-06 NF | 4
2-1-21-11-09 NF 2 I trace poor
2-1-21-11-09 F 2 I trace poor
2-1-38-11-09 NF 2 I trace poor
2-1-38-11-09 F 3
2-1-40-11-09 NF 4
2-1-40-11-09 F 3
2-1-41-11-09 NF | 4
2-1-41-11-09 F 3
2-1-54-11-09 NF 4
2-4-55-01-08 F 4 V trace poor
2-4-74-01-25 NF 3
2-4-65-05-20 F 3
2-4-73-05-20 F 4
2-4-63-06-04 F 4
2-4-64-06-04 F |l 4
2-4-74-06-04 Fl o
2-4-64-06-05 F 3 Poor trace
2-4-65-06-05 Fl 4

SOM/TAC80-373-TR
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TABLE 7. EXPLANATION OF DATA QUALITY (Continued)
) & ng <§P
WA o\\% VA 4\"\0\‘
& <§§$ @L? > qf§9 «C$b 9
o"‘y 5 qg‘& -« é&e <
DEVICE NO. YR IR YK VEIELEIES
2-4-63-06-20 F X
2-4-64-06-20 F X | X
2-4-65-06-20 F X | X
2-5-64-01-08 F Optical photo fail?
2-5-64-01-09 F Optical photo fail?
2-5-73-01-09 NF Optical photo fail?
2-5-73-01-09 F Optical ohoto fail?
2-5-72-01-13 NF Did not fail
2-5-53-01-24 NF X
2-5-66-01-24 NF Did not fail
2-5-72-01-24 F X1 X Optical photo fail?
2-5-73-01-24 NF X1 X Did not fail
2-5-75-01-24 NF X1 X Did not fail
2-5-53-01-25 NF Did not fail
2-5-66-01-25 NF Did not fail
2-5-72-01-25 F Optical photo fail?
2-5-73-01-25 NF Did not fail
2-5-74-01-25 NF Did not fail
2-5-65-05-03 F Optical photo fail?
2-5-66-05-04 F Ontical photo fail?
2-5-72-05-04 F Ontical photo fail?
2-5-73-05-nN4 F Optical photo fail?
2-5-75-05-04 F Optical photo fail?
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TABLE 7. EXPLANATION OF DATA QUALITY (Continued)

PO

——— bt e e ae

S
"0\\:’?' oc\ \%\O
o~
DEVICE NO.
2-5-72-05-05 NF X
2-5-72-05-05 F Optical photo fail”
2-4-55-01-08 F V trace poor
2-5-73-05-05 F Optical photo fail?
2-5-74-05-05 F Optical photo fail?
2-5-75-05-05 NF
2-5-75-05-05 F Optical photo fail?
2-5-64-05-08 NF Did not fail
2-5-53-05-19 NF Nid not fail
2-5-66-05-19 NF Did not fail
2-5-72-05-19 NF Did not fail
2-5-73-05-19 NF Did not fail
2-5-75-05-19 NF Did not fail
2-5-66-05-20 NF Did not fail
2-5-72-05-20 NF Did not fail
2-5-73-05-20 NF Did not fail
2-5-74-05-20 NF Did not fail
2-5-73-06-03 F Ontical photo fail?
2-5-72-06-04 NF Optical photo fail?
2~5-72-06-04 F Optical photo fail?
2-5-73-06-04 F Optical photo fail?
2-5-74-06-04 NF Optical photo fail?
2-5-64-06-05 F Ootical photo fail?
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TABLE 7. EXPLANATION OF DATA QUALITY (Concluded)

o'?'qv\v‘)v-&* «,Doitfo\ @0"&:&’& ~°‘§
&S e~“§ »?0 e‘é) \5’@1/

DEVICE NO. YK VEVE I VL VA

2-5-66-06-05 NF 4 X

2-5-72-06-05 NF 4 X

2-5-74-06-05 F 1 X Optical photo fail?
2-5-75-06-05 F ] X Optical photo fail?
2-5-64-06-08 F 2 Optical photo fail?
2-5-53-06-19 NF 2 Did not fail
2-5-72-06-19 NF 2 Did not fail
2-5-73-06-19 NF 1 X I X Did not fail
2-5-75-06-19 NF 2 Did not fail
2-5-53-06-20 F 2 Optical photo fail?
2-5-72-06-20 NF 2 Did not fail
2-5-74-06-20 NF 2 Did not fail
2-5-75-06-20 F 2 Optical photo fail?
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